was inoculated into an MH broth without biocide. Bacteria growth was observed after incubation at 35°C for 24 h. Inoculations on each stage of work were carried out at 20°C and with an auto-inoculater MIC-2000 System (Dynatech laboratories, Inc, Alexandria, VA, U.S.A.). MBCs were determined by three times test. The common user concentrations and exposure times of the biocides are listed in Table 1 .
RESULTS
The MBCs of the seven biocides for the 42 MRSA isolates at 5, 30, or 180 min were determined (Fig. 2) .
The MBCs of sodium hypochlorite at 5 min for a few isolates were 64 mg/ml, although sodium hypochlorite for mucosa and wounds was 50 mg/ml ( Table 1 ). The MBCs of sodium hypochlorite at 30 and 180 min, however, were distributed less than the common user concentration of 125 mg/ml. The MBCs of glutaraldehyde at 30 and 180 min were distributed less than the minimum user concentration of 5000 mg/ml, and there was a correlation between exposure time and disinfection efficacy. Benzalkonium chloride required antiseptic efficacy at short times and low concentrations because of it use as a hand scrub or application to mucosa, wounds, or medical instruments (Table 1 ). However MBCs of benzalkonium chloride for a few isolates at 5 min were higher than 100 mg/ml. MBCs of alkyldiaminoethylglycine hydrochloride at all exposure times were distributed higher than 100 mg/ml. At 5 min, 90% of the isolates were higher. The minimum user concentration of chlorhexidine digluconate was higher than those of benzalkonium chloride and chlorhexidine digluconate, however MBCs of chlorhexidine digluconate, as well as benzalkonium chloride and alkyldiaminoethylglycine hydrochloride, for a few strains were higher than the common user concentration. MBCs of povidone iodine and ethanol at all exposure times were lower than the common user concentration, and correlations between exposure time and disinfection efficacy in ethanol, as well as glutaraldehyde, were observed. Meanwhile, MBCs for methicillin-susceptible Staphylococcus aureus (MSSA) ATCC29213 are shown in Table 2 . MBCs for MSSA were distributed in par or low concentration range.
DISCUSSION
It was difficult to evaluate disinfection efficacy because the biocides had a wide variety of uses. The disinfection efficacy of biocides change by contact with organic material, and biocides differ in disinfection time dependent upon use. The agar doubling dilution, broth microdilution, and disk diffusion methods as susceptibility tests are well-known, but these methods are not appropriate susceptibility tests for biocides because biocides come in contact with medium, and disinfection time is incubation time in these methods. 13, 14) In this study, we developed a simple and rapid method that solved these problems for biocide susceptibility testing and evaluated the susceptibilities of the 42 MRSA isolates with this method. The MBCs at 5, 30, and 180 min represented the NaClO, Sodium hypochlorite; GLA, glutaraldehyde; BKC, benzalkonium chloride; AEG, alkyldiaminoethylglycine hydrochloride; CHG, chlorhexidine digluconate; PVI, povidone iodine; EtOH, ethanol; N.A., not applicable. The numbers in parenthese are soak times (min). The units of EtOH or the others are shown as % or mg/ml, respectively. hand scrub or soak times were determined by our method. Unlike with the European suspension test, EN1276, the MBC was the lowest concentration of biocide that completely inhibited growth of the MRSA in microdilution wells as detected by the unaided eye. [10] [11] [12] In all agents, the MBC values at the same time interval for the 42 MRSA isolates varied. Although biocides include various compounds with different chemical structures, the isolates that exhibited low-level susceptibility to an agent tended to have low-level susceptibilities to other agents. All isolates were disinfected by glutaraldehyde, povidone iodine, and ethanol at a common exposure time and user concentration. However, the MBCs of benzalkonium chloride at 5 min for a few isolates were higher than the user concentration. These results indicate the possibility that MRSA survived in the proper user concentration and exposure time. MBC of alkyldiaminoethylglycine hydrochloride at 5 min for MSSA ATCC29213 was higher than the user concentration ( Table  2 ). The results suggest that biocide resistance is not caused by a specific resistant mechanism, and the biocide concentrations that are necessary for disinfect of S. aureus were higher than our recognition. Antiseptic resistance genes, qacA, qacB, smr, norA, sepA, and sdrM are found mainly in clinical isolates of S. aureus and are associated with resistance to biocides. [15] [16] [17] [18] [19] [20] The qacA, qacB, and smr are mainly found on plasmids, and norA, sepA, and sdrM are located on the S. aureus chromosome. Antiseptic resistance in S. aureus is caused by proton motive force-dependent multidrug efflux. Some isolates that survived in user concentration had neither qacA, qacB, nor smr (data not shown). Further studies of the resistance mechanism(s) including chromosome resistance genes are necessary. Since this experiment was carried out under laboratory conditions, the actual disinfection efficacy of biocides may vary under clinical conditions. Our results suggest that MRSA survived under lower concentrations than under MBCs after taking into consideration the influences of body fluid and blood. Therefore, current user concentrations must be amended to avoid further infection and bacteria circulation.
In this study, we investigated the correlations between biocide susceptibility to MRSA, exposure time, and user concentration. It is necessary that these correlations in other strains and agents be researched as the number of compromised hosts increase. 
